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Introduction

1 Introduction

The goal of this manual is to describe the basic components of a Bruker spectrometer, their
functionality, and how they are addressed by the TopSpin software to acquire NMR data.
This should enable a relatively inexperienced user to carry out a series of basic 1-D High
Resolution (HR) NMR experiments. Menthyl Antranilate was selected as an example. Both
proton observe and carbon observe with proton decoupling will be described. To assist the
user, standard parameter sets delivered with every TopSpin software package will be used.
This minimizes the time spent on the actual spectrometer itself, particularly in the case where
relatively large numbers of undergraduate students are being trained. In this scenario
processing can be easily carried out on a separate PC using the tutorials delivered with the
spectrometer documentation.

For the purpose of instruction within this manual it is assumed that the user has:
* A basic knowledge of the TopSpin software package.

» A probe or probes capable of observing proton and observing carbon while decoupling
protons.

» A basic knowledge of how to use the flow tabs and buttons within the TopSpin window.

While every effort has been made to genuinely provide a step by step description, new users
will invariably have some questions, and as such will require occasional assistance from a
more experienced user. The goal of this manual is, where practicable, to enable users to
work independently and acquire a basic understanding of how to operate the system. It is
hoped that the time taken to train new users will be significantly reduced through the use of
this manual.

1.1 Sources of Hazards

The safety chapter will deal with safety in more detail, but for now it is worth highlighting
potential hazards that arise when operating an NMR spectrometer at this introductory stage.
For such a sophisticated system there are surprisingly few opportunities for inexperienced
users to damage the equipment, so only the most important ones are worth noting. With
normal operation the most likely causes of damage are:

* Removing a sample from the magnet with the bore still plugged.
* Inserting a sample into the magnet without the presence of the supporting air cushion.
« Transmitting RF power along unconnected cables or poorly matched probes.

New users are advised to acquaint themselves with these potential hazards before
commencing. System managers are advised to ensure that any new users understand the
issues mentioned above.

1.2 Software Version and Command Syntax

This manual has been written for TopSpin version 4.0. Throughout the manual procedures to
enter various commands will be outlined.

Z31633E_10_007 5
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2 Safety

In terms of safety the presence of a relatively strong magnet is what differentiates NMR
spectrometers from most other laboratory equipment. When designing an NMR laboratory, or
training personnel who will work in or around the laboratory, no other feature is of greater
significance. As long as correct procedures are adhered to, working in the vicinity of
superconducting magnets is completely safe and has no known harmful medical side effects.
Negligence however can result in serious accidents.

The magnet is potentially hazardous due to:
» The large attractive force it exerts on ferromagnetic objects.
« The large content of liquid nitrogen and helium.

21 Magnetic Safety

A magnetic field surrounds the magnet in all directions. This field (known as the stray field) is
invisible and supervisors should have posted warning signs at appropriate locations. Objects
made of ferromagnetic materials, e.g. iron, steel etc. will be attracted to the magnet. If a
ferromagnetic object is brought too close, it may suddenly be drawn into the magnet with
surprising force. This may damage the magnet, or cause personal injury to anyone in the
way!

It is important that people working in the vicinity of the magnet fully understand the potential
hazards. Of critical importance is that people fitted with cardiac pacemakers or metallic
implants should never be allowed near the magnet.

Because the strength of the stray field drops significantly as one moves away from the
magnet, it is important to discuss worksite safety around magnets with your supervisor.

211 Cryogenic Safety

The magnet contains relatively large quantities of liquid helium and nitrogen. These liquids,
referred to as cryogens, serve to keep the magnet core at a very low temperature.

Because of the very low temperatures involved, gloves, a long sleeved shirt or lab coat
and safety goggles should always be worn when handling cryogens. Direct contact with
these liquids can cause frostbite. The system manager should regularly check and make sure
that evaporating gases are free to escape from the magnet, i.e. the release valves must not
be blocked. Do not attempt to refill the magnet with helium or nitrogen unless you have been
trained in the correct procedure.

Helium and nitrogen are non-toxic gases. However, because of a possible magnet quench,
whereupon the room may suddenly fill with evaporated gases, adequate ventilation must
always be provided.

2.2 Electrical Safety

The spectrometer hardware is no more or less hazardous than any typical electronic or
pneumatic hardware and should be treated accordingly. Do not remove any of the protective
panels from the various units. They are fitted to protect you and should only be opened by
qualified service personnel. The main panel at the rear of the console is designed to be
removed using two quick release screws, but again, this should only be done by trained
personnel. Please note that, unless disconnected, cooling fans on the rear panel will continue
to run even with the panel removed.

Z31633E_10_007 7
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2.3 Chemical Safety

Users should be fully aware of any hazards associated with the samples they are working
with. Organic compounds may be highly flammable, corrosive, carcinogenic etc.

2.4 CE Certification

All major hardware units housed in the AVANCE consoles, as well as peripheral units such
as the HPPR, shim systems and probe comply with the CE Declaration of Conformity. This
includes the level of any stray electromagnetic radiation that might be emitted as well as
standard electrical hazards. Note that to minimize electromagnetic radiation leakage, the
doors of the console should be closed and the rear paneling mounted.

Note: Additional safety information for AVANCE systems is available in the manual AVANCE
Systems General Safety Considerations (P/N Z31836) manual available on the BASH DVD.
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Introductory Theory and Terminology

3 Introductory Theory and
Terminology

NMR is a technique used to analyze the structure of many chemical molecules, primarily
organic compounds. A typical compound might consist of carbon, hydrogen and oxygen
atoms.

In its simplest form, an NMR experiment consists of three steps:
1. Place the sample in a static magnetic field.

2. Excite nuclei in the sample with a radio frequency pulse.

3. Measure the frequency of the signals emitted by the sample.

®
)
©

Figure 3.1: Excitation and Response

1. Excitation Pulse 2. |Atom
3. Emitted Signal

From the emitted frequencies analysts can deduce information about the bonding and
arrangement of the atoms in the sample. The NMR active nuclei in the sample resonate at
different frequencies which are called resonance frequencies. These are the frequencies
emitted by the nuclei when they are excited by the incoming radio frequency pulse. The value
of a resonance frequency depends on two factors:

1) Type of Nucleus:

Every isotope has a particular combination of protons and neutrons in its nucleus. The
nuclear structure largely determines the value of the resonance frequency. Thus every
isotope displays a basic resonance frequency. The *C nuclei will have a different basic
resonance frequency compared to that of 'H etc. Note the large variation in basic resonance
frequencies between different isotopes as listed in the following table:

Nucleus NMR active Basic resonance Natural

frequency Abundance [%]
(approx.) [MHz]

'H yes 500 99.98

2H yes 77 0.015

°H yes 533 Traces (ca 1078)

2C no 98.89

BC yes 126 1.11

Cl yes 49 75.77

3ClI yes 41 24.23

Table 3.1: Table of Data for Various Isotopes (frequencies quoted for an 11.7T magnet)

Z31633E_10_007 9
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2) Local Atomic Environment:

Superimposed on the basic resonance frequency is an effect due to the local atomic
environment in which an isotope is situated. The precise value of the resonance frequency of
a 'H nucleus in a particular compound will depend upon the atoms it is bonded to and
surrounded by. The nucleus is surrounded by electrons which may be viewed as moving
electrical charges with associated magnetic fields. These electrons act as a source of

magnetic shielding for the nucleus. The extent of the shielding will depend on the precise
local atomic environment. The size of typical local field variations (which will result in a
frequency variation) will depend on the isotope and the strength of the magnetic field in which
the sample is placed. The table below shows the typical frequency variation for two of the
most widely used NMR nuclei, 'H and "C. It is clear that the local atomic environment has a
relatively small effect on the basic resonance frequency.

Nucleus Typical variation in basic resonance frequency due to
local atomic environment.
H 6 kHz
3C 30 kHz

Table 3.2: Frequency Variations (quoted for an 11.7 T magnet)

NMR signals are usually plotted as spectra and analyzed with respect to two features,
frequency and intensity. It is conventional in NMR to plot frequency on the horizontal axis
and increasing towards the left.

«—®
Figure 3.2: NMR Spectrum
1. Intensity
2. Frequency

As mentioned above, the frequency yields qualitative information regarding the local atomic
environment. The integrated intensity of a signal is a measure of signal strength and is
determined by integrating the area under the signal peak. The integral will be directly
proportional to the number of nuclei contributing to a signal at a particular frequency (if all
nuclei are equally excited) and hence will provide quantitative information regarding chemical
structure.

To excite a given nucleus in an NMR experiment, the frequency of the excitation pulse should
closely match the resonance frequency of the nucleus. This frequency is referred to as the
carrier frequency. Thus, if experiments are carried out using a 11.7 T magnet, the 'H nuclei
would require a carrier frequency of approximately 500 MHz, whereas C nuclei would
require a carrier frequency close to 126 MHz. The carrier frequency is specified by the
parameter SFO1. The nucleus that is excited by this carrier frequency is referred to as the
observe nucleus.
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Note that there are experiments in which more than one nucleus gets excited, e.g. during
polarization transfer or decoupling. In these cases one has more than one carrier frequency
but still only one observe frequency.

Not all isotopes will respond to radio frequency pulses, i.e. not all are NMR active. Three
isotopes of the element hydrogen are found in nature: 'H (hydrogen), ?H (deuterium), and °H
(tritium, radioactive!). The natural abundance of these isotopes are 99.98%, 0.015%, and
0.005% respectively. All three are NMR active, although as can be seen in table 3.1, they all
display a large variation in resonance frequency. To analyze a sample for hydrogen, the 'H
isotope is excited, as this isotope is by far the most abundant. Of the carbon isotopes found
in nature, only one is NMR active. By far the most common isotope, ?C (98.89% natural
abundance) is inactive. Hence, NMR analysis of organic compounds for carbon rely on the
signals emitted by the "*C isotope, which has a natural abundance of only 1.11%. Obviously,
NMR analysis for carbon is more difficult than that of, for example, 'H (there are other factors
which affect sensitivity, these will be discussed in the next sections of this chapter).

Using the brief introduction to NMR outlined above, it is a good exercise to consider how the
technique could be used to analyze the composition of chloroform (CHCI;).

3.1 NMR Analysis of Chloroform

Three separate experiments, as outlined in the figure below, can be performed corresponding
to the three possible observe nuclei 'H, *C and *Cl.

“Es
cl Es G E Eyp O
Cl-C—H="" Cl C“H “CrCoH s
cl af Cl ", 4, Gl
Es~ Af,

Figure 3.3: NMR Analysis of CHCI3

—_

Excitation E,
Excitation E,
Excitation E;

N

w

Three excitation pulses (E,, E,, E;) are directed at the sample at appropriate carrier
frequencies. E, corresponds to the 'H resonance frequency, E, to the *C frequency, and E,
to the 3°Cl frequency. Assuming the three isotopes were successfully excited, the sample will
emit signals at three frequencies f,, f, and f; which are recorded on three separate spectra. If
the emitted signals are displayed in a single plot, the user can expect a spectrum like that in
the figure below (note that the signal frequencies illustrated are for a 11.7 T magnet and that
all signals have been plotted as singlets, i.e. single peaks).

Z31633E_10_007 11
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35CI

@ 1H 13C

e N

500 ) @ 126 49

Figure 3.4: NMR Signals Emitted by CHCI3

—_

Intensity
Frequency (MHz)

N

This artificial spectrum shows three peaks corresponding to the three isotopes. Taking the
relative numbers of the three isotopes into account, one might expect that the intensity of the
chlorine, hydrogen and carbon peaks would be in the ratio of 3:1:1. However, the natural
abundance of the three isotopes must also be accounted for, resulting in a ratio of 227:100:1.
The user will find that the experimentally determined peak intensity ratios will not agree with
these values. The reason is that every isotope has an inherent sensitivity to the NMR
technique. The 'H is 63 times more sensitive to NMR than *C. Thus, even if a sample would
contain the same number of 'H nuclei as "*C, the intensity of the 'H signals will be 63 times
greater than the *C signals.

With a plot, such as that in the figure above, any detailed information will be lost and precise
determination of a frequency would be impossible. The spectrum would be said to display
very poor resolution (the horizontal resolution of a spectrum is a measure of how well the
spectrum differentiates between two signals that are close in frequency).

A further complication is the huge range in vertical scaling. The variation in inherent
sensitivity to NMR, coupled with the variations in natural abundance, will often make the
plotting of signals from different isotopes onto a single plot unfeasible. In fact, the vertical
resolution of the spectrum will be very poor (the vertical resolution, i.e. the signal to noise
ratio of a spectrum is a measure of sensitivity).

If our analysis of chloroform is proving rather complicated, it is because we are attempting to
compare the signals from three different observe nuclei on a single spectrum (we are ignoring
here any hardware/electronic restrictions). Therefore, in practice, NMR experiments are
performed with a single observe nucleus. Although more than one isotope may be excited
simultaneously, by using more than one carrier frequency (e.g. decoupling experiments), we
only ever observe the signals from a single isotope. This greatly simplifies spectrum analysis.

It was mentioned earlier that variations in the basic resonance frequency due to the local
atomic environment tend to be relatively small. Thus, large spectral ranges will not be
encountered. Furthermore, natural abundance and inherent sensitivity will always be the
same for an isotope. Hence, the relative intensity of say two signals emitted from 'H isotopes
on a single spectrum will depend only on the number of atoms contributing to the signal. This
greatly simplifies analysis of spectra for quantitative information. Before proceeding further
with a more detailed description of NMR the reader should become familiar with the concept
of measuring signals in ppm (parts per million) with respect to a reference signal.

12 Z31633E_10_007
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3.2 Reference Compounds, Hertz, ppm

It has already been stated that NMR signals are analyzed with respect to two characteristics,
intensity and frequency. Absolute frequencies are measured in Hertz (Hz - cycles per
second) or Megahertz (MHz). Reporting on measured signals is simplified if all frequency
measurements are made with respect to a reference. For 'H NMR the recommended
reference is a chemical called tetramethylsilane (TMS). When a 'H or a "*C spectrum is
acquired the presence of TMS gives rise to a single, easily identifiable peak. This peak is
referenced to zero and the frequencies of all other peaks are given in terms of their frequency
relative to the TMS frequency. Thus, we can talk of a signal being 2.5 kHz above the TMS
peak. This is preferable to quoting the absolute frequency of the signal which might look like
500.1325 MHz.

Referencing signals to the TMS peak clearly cuts down the number of digits needed to
describe the frequency of a signal. However, this can be even more simplified if the ppm unit
is used instead of Hertz. The ppm unit represents frequencies as a fraction of the absolute
resonance frequency which will depend on the strength of the magnet. The advantage of the
ppm unit is that frequency measurements are independent of magnet strength. This greatly
simplifies the comparison of spectra acquired on different spectrometers.

The conversion factors to be used when changing from Hertz to ppm and vice versa are
shown in the diagram below.

Figure 3.5: Converting Hertz and ppm

1|Hertz 3|{ppm
2|Divide by the carrier frequency 4|Multiply by the carrier frequency
(SFO1) in MHz (SFO1) in MHz

The advantages of using the ppm unit are best illustrated with a practical example.

Suppose a 'H signal was observed at 2.5 kHz above TMS using a carrier frequency (SF01) of
500 MHz. The frequency of any emitted NMR signal is directly proportional to the strength of
the magnet. The same signal would appear at 3.0 kHz above TMS on a 600 MHz
spectrometer and at 2.0 kHz above TMS on a 400 MHz machine. A single conversion may
not be a great inconvenience but it must be done for every peak for each system. Now
consider the same signal but quoted in the ppm unit.

Frequency in Hertz divided by SFO1 = Frequency in ppm
Examples:

2500 Hz / 500 MHz = 5 ppm
3000 Hz / 600 MHz = 5 ppm
2000 Hz / 400 MHz = 5 ppm

The 'H signal may now be described as being located at 5 ppm above, (i.e. downfield from)
the TMS peak regardless of the spectrometer frequency.

Z31633E_10_007 13
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Experienced users will always deal in ppm, and spectra reproduced in scientific journals will
have the horizontal scale graduated in ppm and not in Hertz.

The reader should be aware of some simplifications that have been made in the above
example. The value of the 'H carrier frequency on a 500 MHz spectrometer will not be exactly
500 MHz. The carrier frequency to be used in a ppm calculation should be the precise value
assigned to the parameter SF01. Similarly for the 600 MHz and 400 MHz spectrometers,
quoted above the 'H carrier frequency, will not be exactly 600 MHz and 400 MHz,
respectively.

Note also that a positive ppm value denotes a frequency higher than TMS and is defined as
downfield relative to TMS.

3.3 Proton NMR - Chemical Shift

Since 'H is the most commonly observed isotope in NMR experiments, this shall now be
dealt with in greater detail. A 'H nucleus contains a single proton and spectra in which 'H is
the observe nucleus are normally referred to as proton spectra.

It was stated previously that a proton in an 11.7 T magnet will display a basic resonance
frequency of approximately 500 MHz, but that the precise resonance frequency will depend
upon the local atomic environment. A proton in a molecule of chloroform resonates at a
slightly different frequency compared to a proton in benzene (C¢Hg). Therefore, the emitted
frequency acts as a label which gives analysts qualitative information on the local atomic
neighborhood in which a proton is located. This is the basis of NMR.

The variation in precise resonance frequency is referred to as the chemical shift. The
resonance frequency is shifted by the effect of neighboring atoms and the extent of magnetic
shielding from local electrons discussed earlier. The size of the shift is normally measured in
ppm relative to the TMS peak which is referenced to 0 ppm.

Most protons, regardless of the organic compound to which they are bonded, display
chemical shifts within 14 ppm of TMS. The figure below is an illustration of typical proton
chemical shifts in organic compounds.

Phinols -OH
Alcohols -0OH
Thicalcohols -5H

Amines -NHz

-0OH

Carboxylic acids -OH
Aldehydes

Heteroaromatic

Arormatic
Alkenes

Alechols

Alkines
X -CHa

-CHz-

X "G CHa

H
Cyclopropyl H
M -CHs HaG = MiSi, Li, Al, Ge...) .
— |
ppm (TMS) 12 11 10 9 a T 2] 5 4 3 2 1 ¥]

Figure 3.6: 1H Chemical Shifts in Organic Compounds
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3.4 Proton Spectrum of Benzene

The structure of the benzene ring is illustrated in the following figure:

rrr‘fa rrr' fa

Ha H.

\ ey

oo
A

a

Hﬂ Ha

TR

Figure 3.7: Benzene Ring

All six protons (labeled H,) may be deemed identical. They are each single-bonded to one
carbon atom. Each carbon atom in turn forms two aromatic bonds with its nearest carbon
neighbors. Hence each of the six protons is in an identical chemical environment and is said
to be chemically equivalent, and in this case even magnetically equivalent. They will all
resonate at precisely the same frequency f, without showing a coupling pattern. Therefore,
for pure benzene we can expect a single signal. The figure below is a spectrum of benzene in
acetone - d6 and shows that the signal is located at 7.5 ppm.

3

A ¥

10 5 0
Figure 3.8: Spectrum of Benzene
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Introductory Theory and Terminology

3.5 Proton Spectrum of Benzylacetate

Benzylacetate (C4H; - CH, - O - CO - CHj,) is a more complicated organic molecule whose
structure is illustrated in the following figure:

2
i3 Lf f.

R o X
'Ifffh

i

Ir I

X

H :
f§  HY H He f,
S Y
fi  fa “

Figure 3.9: Benzylacetate

We can now distinguish between three different groups of protons that have been labeled
accordingly. For example, the three protons labeled H, clearly find themselves in a different
atomic environment to that of the two protons labeled H..

The three H, protons are bonded to the carbon C, which is single-bonded to another carbon
atom C,. The two H, protons are bonded to the carbon C_ which itself is single-bonded to the
benzene ring and an oxygen atom. The third group of protons consists of the five protons Hy
of the benzene ring itself. The figure below is a proton spectrum of benzylacetate in acetone -
d6. In this spectrum we expect three signals corresponding to the three groups of protons.

Note that the position of signals from the benzene ring protons has been shifted slightly from
7.5 ppm (shown in the Spectrum of Benzene figure) to approximately 7.2 ppm (shown in the
figure below).

The benzene ring protons are no longer magnetically equivalent, are to some extent not even
chemically equivalent, and have been labeled accordingly. It is clear from figure 3.10 that the
signal arising from the H, protons is a multiplet, but such details will be omitted until the next
section. The three proton peaks shown in this figure have clearly different intensities.

Quantitative analysis of the spectrum is relatively simple, since all the signals are emitted by
the same 'H isotope i.e. natural abundance and inherent sensitivity to the NMR technique is
the same for each peak. Therefore the area under the benzene, CH, and CH; peaks should
be in the ratio of 5:2:3 respectively corresponding to the contributing number of protons.

16 Z31633E_10_007
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| “ |
—C— — oL e —
™ PPM 50 4.8
| H
" H
W ™S
. -
—J — - - . S — :

: — R ppm 1.8 1.6
ppm 8 7 6 5 4 3 2 1 0

Figure 3.10: Proton Spectrum of Benzylacetate

3.6 Proton Spectrum of Ethylbenzene with Spin/Spin Coupling

The description of proton NMR spectra thus far has been greatly simplified by the fact that all
signals, with the exception of those from the benzene ring in benzylacetate, have been
singlets. The structure of the organic compound ethylbenzene and the corresponding proton
spectrum are illustrated in the Ethylbenzene figure and the Ethylbenzene Spectrum figure
respectively. As before, the protons have been labeled as three distinct groups corresponding
to three basic atomic environments.

The most obvious difference between the signals in this spectrum and those of benzylacetate
is the splitting into multiplets. The signal emitted by the CH, protons is a triplet and the
signal from the CH, protons is a quartet. Note also that the signal positions do not coincide.
The CHj, protons in benzylacetate emit a signal at 1.85 ppm, while the corresponding CH,
protons in ethylbenzene emit the triplet signal at 1.25 ppm. This is hardly surprising, because
the two CH, groups are in different chemical environments.

The cause of the multiplet splitting is due to an effect known as spin-spin coupling. A full
account of this effect is beyond the scope of this manual and the reader should refer to a
standard NMR text for details. For our purpose a brief outline of the spin-spin coupling should
suffice.

Z31633E_10_007 17
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Figure 3.11: Ethylbenzene
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Figure 3.12: Ethylbenzene Spectrum

18 Z31633E_10_007



Introductory Theory and Terminology

The splitting of NMR signals in the figure Ethylbenzene results from a magnetic interaction
between neighboring protons. The two H; protons are magnetically equivalent and do not
interact with each other. Similarly, the three H, protons are magnetically equivalent and do
not affect each other. However, the two H; protons and the three He protons are in different
local environments and are “coupled” to each other via their bonding electrons. The net result
of this coupling is that the two groups of protons interact with each other and cause the
splitting of the NMR signals.

The two H; protons can combine to exist in three possible magnetic states (this is a result of
spin orientation and hence the term spin-spin coupling). As a result of coupling, the NMR
signals emitted by the H, protons resonate at three possible frequencies and a ftriplet is
observed.

Similarly, the effect of the He protons is to split the H; signals. The three He protons can
combine to exist in four possible magnetic states. Consequently the H; protons resonate at
four possible frequencies, so the signal is split into a quartet.

The signals from the benzene protons have also been split as a result of magnetic non-
equivalence and resulting spin-spin coupling. The question arises why the CH, and CH,
protons of ethylbenzene interact with each other whereas the two comparable groups of
protons in benzylacetate do not. The answer lies in the number of bonds separating the two
groups. In ethylbenzene the two proton groups are attached to adjacent carbon atoms and
may be expected to interact sufficiently with each other. In benzylacetate however, the two
carbon atoms C, and C, are connected across two extra bonds between oxygen and another
carbon atom. As a result the proton groups are too far away from each other to display
significant spin-spin coupling.

3.7 Decoupling

The effect of spin-spin coupling can be removed by a technique called "decoupling®. The
effect of decoupling is to mask the presence of a particular proton group, e.g. the H, protons
in the Ethylbenzene figure. A spectrum is acquired as if the H, protons were absent! This is
achieved by transmitting a decoupling pulse sequence at the H, resonance frequency f, and
thereby permanently changing the spin orientation of these protons. For the spectrum
illustrated in the Ethylbenzene Spectrum figure the decoupling frequency would be 1.25 ppm
above the TMS peak.

Decoupling pulses tend to be longer and of lower power than excitation pulses. The
Decoupling Experiment figure below is a representation of a decoupling experiment, while the
Ethylbenzene Spectrum with Homodecoupling figure shows the decoupled spectrum. The
CH, quartet has now become a singlet. Spectroscopists speak of the quartet collapsing to a
singlet. Furthermore, the area under the singlet should be equal to that of the original quartet
(compare the relative heights of the CH, and benzene ring peaks in the two figures). The
signal from the CH; group at 1.25 ppm is missing from the decoupled spectrum, because the
decoupling pulses effectively removes the effects of the presence of the CH; protons.
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Figure 3.13: Decoupling Experiment
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Figure 3.14: Ethylbenzene Spectrum with Homodecoupling

The experiment described above is an example of homodecoupling in that the same isotope,
namely 'H, is observed and decoupled. Heterodecoupling is where the isotope to be
observed is different to that which is decoupled. In the chapter "*C Spectrum with Proton
Decoupling [ 67] of this manual you will perform a heterodecoupling experiment where you
observe C and decouple 'H. AVANCE spectrometers have the ability to perform very
complicated types of experiments depending upon the number of channels installed. A four
channel spectrometer can be used to observe one nucleus and decouple three other nuclei.
With up to eight independent channels the possible range of experiments is quite amazing.
The user should be aware that currently the limiting factor is not in the generation of RF
excitation and decoupling pulses but in transmitting these pulses to the sample via the probes
and to some extent the preamplifiers. The signal routing of the experiment to be carried out is

set up using the "edasp“ menu. More details can be found in the manual “Acquisition
Commands and Parameters” (P/N H9775SA3).
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3.8 FID and Spectrum

The signals emitted by the excited atoms in the sample are received by the spectrometer and
Fourier transformed by the software of the data station computer. The process of receiving
the NMR signals is called an acquisition. Data is said to be acquired. A distinction should be
made between the two terms; “FID” (time domain) and its associated “spectrum” (frequency
domain).

When an acquisition is carried out, “raw” data is acquired and the received signal is called an
FID (Free Induction Decay). A typical FID is illustrated in the figure below.
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Figure 3.15: Fourier Transformation

Before an FID can be usefully analyzed it must first be transformed to the frequency domain.
This is achieved by applying a Fourier transformation. A Fourier transformation is a
mathematical operation which converts the FID into a frequency spectrum. An FID is a signal
whose intensity varies with time whereas a spectrum displays how intensity varies with
frequency. Fourier transformation is the most important one of several processing operations
that is normally carried out on raw data.
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4 System Description

The spectrometer consists of the following subunits:
» Operator console including the host computer, monitor and the keyboard.
« Console containing the electronic hardware.
* Magnet system including the shim system and the probe.

Ascend™ 800 ¥

AVANCENEO

Figure 4.1: AVANCE NEO Console and Ascend Magnet
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4.1 AVANCE Architecture Overview

The picture below shows a simplified architecture overview of an AVANCE NEO system.
Please use the BASH (Bruker Advanced Service Handbook) for further information about the

AVANCE system and hardware.

€
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Acquisition System 1
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£
External Network | BSMS e E %
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Workstation LPower Distribution Unit ©
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Internal Network <—>| Acquisition Control |
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Transmitter / Receiver 1 |<=—=—> Preamplifier Slice 1

Transmitter / Receiver 2 Preamplifier Slice 2

Transmitter / Receiver 3 Preamplifier Slice 3
Preamplifier Base Plate

Figure 4.2: AVANCE NEO Architecture Overview

4.1.1 Operator Console and Connections

All aspects of the spectrometer operation are controlled from the operator console. The
design and implementation of experiments as well as the analysis of data are controlled by
commands entered by the operator at the console. The sub components of the operator
console are as follows:

Host computer: This is a Personal Computer. The host computer runs the TopSpin program
and handles all the data analysis and storage. All operations relevant to data acquisition are
controlled by a second computing system called the AQS housed within the console itself.

Ethernet connection from host computer to AQS: This is used to transfer data and
instructions between the host computer and the AQS.
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4.2 Console

This unit may be a NanoBay, OneBay, or TwoBay bay depending upon the system and
houses most of the electronic hardware associated with a modern digital spectrometer. The
principal units are the AQS, the BSMS (Bruker Smart Magnet System), as well as various
amplifiers and gradient amplifiers (in the case of Microlmaging or Diffusion.

AQS: The various units within the AQS generate the radio frequency pulses used to excite
the sample and receive, amplify and digitize the NMR signals emitted by the sample. For
each RF channel, there is a transceiver (TRX 1200) which interprets the pulse program, turns
it into RF signals and includes a receiver, digitizer and digital filtering of the data. That means
that an AVANCE console is a genuine multi-receive system which by design has as many
receivers as pulse excitation channels. Pulsed Field Gradients are generated by an additional
unit called GTU (Gradient and Trigger Unit). This unit also generates real-time triggers used
to synchronize other units and receives trigger inputs (e.g. the MAS rotor trigger). A common
clock signal for all channels is provided by the REF board (Reference). Thus, all frequencies
in the RF chain are derived from one high precision quartz oscillator to ensure overall
synchronicity and low noise levels. The AQS also houses the EPU. This is a powerful
computer which administrates the AVANCE spectrometer, sends the pulse program
information to the TRX and GTU units, provides the acquisition control and communicates
with external data processing workstations. The last stage of digital filtering is done in the
EPU as well as the accumulation of the FID data. The information is then transferred via
Ethernet to an external host computer for further processing and storage. It is important to
emphasize that the EPU has total control over spectrometer operation within the duration of
an experiment. This is to ensure uninterrupted operation and to guarantee the integrity of the
acquisition.

BSMS: This system is controlled via software using the ‘bsmsdisp‘ command) and is used to
operate the lock and shim system as well as controlling the sample lift and spin. The BSVT
unit is also incorporated into the BSMS. lIts function is to vary the sample temperature in a
controlled manner or maintain it at a constant value. In addition, up to three GAB/3 can be
placed into the BSMS rack. They provide the pulsed field gradients for high resolution probes
and are controlled by the GTU.

Amplifiers, also known as Transmitters. Signals of relatively large amplitude are often
required to excite the NMR sample and hence the need to amplify the RF signals from the
TRX units. Amplifiers can be internal (incorporated into the AQS rack) or external (separate
stand-alone units). Cables running directly from the amplifier outputs to the HPPR (High
Performance Preamplifier) carry the RF signal to the sample. Although there is a wide range
of available amplifiers (including solid amplifiers) the two main categories are:

Selective amplifiers , for example, 'H, "F, *C or *'P selective amplifiers, are specifically
designed to amplify the higher frequencies associated with 'H, "°F, "*C or *'P.

Broadband amplifiers (also known as X amplifiers) are designed to amplify a wide range of
frequencies. They are used for the excitation of the so-called X nuclei (i.e., typically
everything except '°F and 'H).

Please note that the new broadband amplifiers also cover *F up to 600 MHz, which simplifies
the use of SMART Probes and BBFO probes where the broadband X coil can be tuned up to
°F.

PDU: A Power Distribution Unit in the back of the console is used to power up the
spectrometer in a controlled way. It is possible to power up/down the AVANCE by a software
instruction from TopSpin. The PDU takes care that all units are powered up/down in the
correct order and that high power units are switched on with suitable time delays in order to
limit the inrush current of the system.
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4.3 Link between the Host Computer and the AQS

Although during a typical TopSpin session this link is permanently in operation and effectively
invisible to the user, the link is broken anytime either the host computer or the console is
switched off and must be re-established when they are switched back on. This will be done
automatically.

4.4 Magnet, Shim System, HPPR and Probe

The magnet generates the magnetic field required to induce NMR transitions. To maintain a
superconducting system the magnet core is cooled to very low temperatures using liquid
nitrogen and helium (for more details see the section The Magnet and Magnet Dewar
[ 27]).

The room temperature shim system, mounted into the lower end of the magnet, is a set of
current carrying coils (known as shims) used to maximize field homogeneity by offsetting any
existing inhomogeneities. The currents in these room temperature shims (so called as they
are not cooled by being immersed in a bath of liquid helium) are controlled by the BSMS and
may be adjusted from the BSMS display to optimize the NMR signal. This has a major effect
on signal resolution and sensitivity. This action of adjusting the currents in the room
temperature shims is referred to as shimming the magnet.

-HE'-

AVANCENEO

Figure 4.3: Photo of Magnet, Shim System, Probe and HPPR

1|Operator Console 5|Probe
2|Console 6|Shim System
3|Magnet 7|Probe and Shim System
4|/HPPR/2 Cover 2 Module with
Connections to the Probe
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Although the HPPR/2 (High Performance Preamplifier) carries the transmitted signal to the
sample it is primarily concerned with magnifying the relatively weak signals emitted from the
sample. It is located at the base of the magnet to amplify the NMR signal at the earliest
possible opportunity and thus minimize losses along the cable. Once the signal has been
amplified with the HPPR/2 any subsequent losses in cabling are less critical. The HPPR/2
also transmits and receives the deuterium (or fluorine) lock signals and is used in the wobble
routine. Up to 8 (HPPR/2) individual modules (excluding the cover module which is always
present) may be configured. A very common configuration consisting of three individual
modules is a Proton, X-BB and 2H along with a cover module.

The probe is inserted into the shim system at the base of the magnet and essentially consists
of various coils used to transmit the excitation pulses to the sample as well as receive the
emitted signal. The probe also transmits and receives the lock signal.

4.5 The Magnet and Magnet Dewar

A range of magnets are available with different strengths. The strength of the magnet is
graded according to the frequency of the NMR signals emitted by hydrogen atoms. The
stronger the magnet field, the higher this hydrogen frequency. For example, with a 500 MHz
magnet (11.7 T), this means that when a chemical sample is placed in the magnet for
analysis, the 'H atoms in the sample will emit signals with a frequency very close to 500 MHz.
Bruker magnets are available in the range of 300-1000 MHz.

Superconducting magnets are electromagnets, and as such make use of the fact that an
electric current produces a magnetic field. The magnet core consists of a large coil of current
carrying wire in the shape of a solenoid. At the center of the coil a very intense static
magnetic field exists. The sample to be analyzed is placed inside this magnetic field.

At very low temperatures certain materials show the remarkable property of
superconductivity. A superconducting wire carries electricity without the need for any driving
energy (i.e. battery or mains supply). Once a current is started in a superconducting loop it
will continue forever. Bruker magnets consist of such a superconducting loop. The only
maintenance required on the magnet is to ensure that the coil is kept immersed in liquid
helium.

The magnet consists of several sections. The outer casing of the magnet is evacuated and
inner surfaces are silvered (this is the same principle as a Thermos). Next comes a bath of
nitrogen which reduces the temperature to 77.35K (-195.8 °C) and finally a tank of helium in
which the superconducting coil is immersed in. This tank is thermally isolated against the
nitrogen bath by a second evacuated section (see picture below).
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Figure 4.4: Superconducting Magnet

1|Insert Probe here 6|Helium Tower
2|Bore 7|Metal Plug
3|Nitrogen Tower 8|Insert sample here
4|Nitrogen Ports 9(Vacuum Chamber
5|Helium Ports 10|Magnet

451 Room Temperature Bore

The helium and nitrogen tanks are wrapped around a central column known as the magnet
bore. A metal plug normally closes off the top of the bore. Magnets are available with either
standard bore (54 mm) or wide bore (89 mm). Samples to be analyzed are introduced into
the magnet via the top of the bore. Probes, which hold the sample and carry signals to and
from the sample, are inserted from the bottom.
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4.5.2 Helium Tank

In a standard magnet the helium tank is suspended from two necks which extend high above
the magnet. Access to the helium tank can be made via two ports. One of these ports permits
refilling of the liquid helium and is also the entry for a helium level sensor. The other port is
used only when the magnet is being charged or discharged. The helium necks may support
several valves which control the release of the small quantities of helium that will inevitably
evaporate.

Note: Handling of the valves and filling the magnet with liquid Helium should only be done by
a trained person.

453 Nitrogen Tank

The three shorter necks extending above the magnet allow access to the nitrogen tank.

4.6 Introduction to the Lock System

This section has been included to give the user a basic understanding of the principles of the
lock system. Practical aspects such as how to actually lock the sample will be dealt with in
the section Locking the Sample.

The aim of the lock system is to ensure that the strength of the magnetic field surrounding the
sample does not change during an experiment or that the field is not modulated by external
disturbances. NMR analysis involves measuring the precise frequency of signals that are
emitted by the sample. The frequencies of these signals are directly proportional to the
magnetic field strength, i.e. if the field strength varies, so does the emitted frequency.
Therefore, the user must be confident that the magnetic field strength is always maintained at
precisely the same strength, which is referred to as "locking" the sample. The lock system
is essentially a separate spectrometer designed to observe deuterium. It should be
mentioned that the signals emitted by deuterium are normally far removed from frequencies
of interest. However, if the deuterium frequency is unsuitable, then a Fluorine (19F) lock
may be used. Since it is by far the most popular, only the deuterium lock will be dealt with
here, but the reader should note that the principle of the deuterium and the fluorine lock are
identical.

In AVANCE systems the BSMS provides the hardware required to implement the lock and a
separate deuterium module in the HPPR transmits and receives the lock signals. Some
deuterium must of course be introduced into samples that are under analysis. This can most
easily be done by dissolving the sample in a deuterated solvent. A deuterated solvent is one
in which a large percentage of the hydrogen atoms have been replaced by deuterium.
Commonly used deuterated solvents are acetone-d6, benzene-d6, chloroform-d and DMSO-
d6, although many other solvents are available. The sample which will be used to illustrate
some basic NMR techniques in this manual is Menthyl Anthranilate in DMSO-d6.

The frequency of the signals emitted by deuterium for a particular size of magnet is precisely
known. Therefore, if the magnetic field strength is correct, any deuterium nucleus in the
sample should emit this exact frequency. If the magnet strength varies so will the deuterium
frequency. The lock system uses a receiver (housed in the BSMS rack) to monitor this
deuterium frequency and makes adjustments to the magnetic field strength accordingly.

The receiver in the lock system is designed so that when the field strength is correct (i.e. the
correct deuterium frequency is detected), no adjustments are made to the field. However,
should the field strength vary (drift), a current is changed in a special coil (the HO coil) located
within the shim system of the magnet, which has the effect of returning the field strength to
the correct value. The deuterium frequency is measured several thousand times per second.
Hence, as long as the system is locked, the user can be confident that the field is maintained
at a constant strength during acquisition.
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4.7 Probes

The probe is designed to hold the sample, transmit radio frequency signals which excite the
sample and receive the emitted response. The transmission and reception is achieved by
using specially designed RF coils.

The probe is inserted into the bottom of the magnet and sits inside the room temperature
shims. Coaxial cables carry the excitation signals from the console amplifiers to the probe
and the NMR signal back from the sample to the receiver. The cables are routed through a
set of preamplifiers (the HPPR) which are situated next to the base of the magnet or on
NanoBay systems are built in to the console. The preamplifiers are needed to boost the
NMR signals which are typically very weak.

Figure 4.5: Sample in Probe

1 Sample Volume 3 Coils
2 Probe

Probes come in different sizes and types. The size of the probe is given in terms of the
sample tube sizes it can hold, with 5mm and 10mm sample tube diameters the most popular.
Different types of probes are used depending upon the type of experiment. Selective probes
are specially designed to observe specific nuclei, e.g. 13C, while multinuclear (X-BB or
broadband) probes may be used to analyze a wide range of nuclei. The number and design
of the internal coils are what physically distinguishes one type of probe from another. In
addition, the outer diameter and length of the probe is built to the specifications of the various
magnets (wide bore or standard bore; different length from the bottom to the center of the
magnetic field for magnets with different field strength).
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Signals enter and leave the coils of the probe via connectors which are clearly labeled and
located at the base of the probe. The same cable is used to carry the signal to and from the
probe. Each probe has an inner coil (the observe coil). This coil is located closest to the
sample volume to maximize sensitivity. The color coding of the inner coil BNC follows a
simple rule. It always has the same color as the rectangular strip located directly above the
BNC connectors. The following figure shows the labeling of a multinuclear probe. In this case

the broadband coil is the inner coil.

©

®

Figure 4.6: Typical HPPR Cabling

1 Probe 3

Connection to the X-amplifier

2 Connection to the proton amplifier |4

Connection to the BSMS 2H
transmitter
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4.8 Broadband Probe

One type of a probe, which will be described here as an example, is the 5 mm BBO Smart
probe. As its name suggests this probe is designed for users who are interested in analyzing
samples of various nuclei. The X-frequency range is typically from N to 3'P including 'F.

The left BNC is marked 2H (see figure below) and is used to carry the lock signal. The other
two connections are for the 'H and X-nucleus signals and are labeled accordingly. The cables
leaving the 'H, X and ?H BNCs are connected to the preampilifiers.

Figure 4.7: Example of a Broadband Probe

The probes are designed to enable the temperature of the NMR sample to be controlled. A
heater is used in conjunction with an air/N2 transfer line to control the sample temperature.
A thermocouple serves as a thermometer to monitor the sample temperature. All these
devices are attached to the base of the probe and are easily accessible. The Variable
Temperature Unit (VTU) which is located inside the console constantly monitors the
thermocouple reading and makes adjustments in the heater power to maintain the required
temperature.

All but a few high resolution probes come equipped with gradient coils and the connector is
found on the side of the probe base.

Finally, the black box on the underside of the probe base houses the tuning and matching
equipment. These are used to make fine adjustments to the probe in order to optimize the
performance. When a compound is analyzed it is excited with signals of a definite frequency
(the resonance frequency). Different nuclei will be excited by different frequencies and tuning
involves adjusting circuitry within the probe so that it is at its most sensitive for the frequency
of interest. The probe is also matched to ensure that as little as possible of the excitation
signals and the FID are reflected (i.e. wasted). Both tuning and matching are interactive in
that they cannot be adjusted independently of each other.

The probe should be tuned and matched every time the sample in the magnet is changed.
Each coil in the probe is tuned and matched separately using the ’atma’ or 'atmm’ routine
which is described in Tuning and Matching the Probe [ 40].

Changing a probe will require reconnecting the probe to the preamplifiers.
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4.9 iProbe

Another type of probe is the new iProbe platform, a next-generation SmartProbe™ for NMR
detection. This novel NMR probe architecture allows not only for an increase in signal to
noise, and faster and more accurate RF tuning, but also provides a more flexible design that
allows easier customization of NMR probes for dedicated applications. The first probes
introduced on this platform include the industry-leading SmartProbe iProbes, available now
from 400-600 MHz, offering up to 10% increase in sensitivity.

Figure 4.8: The Bruker iProbe Platform
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410 Changing a Probe

If the probe is to be changed, the procedure below should be followed. Probes are fragile and
expensive, so you should check with the system manager before attempting to change the
probe. The magnet, and in particular eddy currents, greatly affect the mechanical motion of
the probe. As you remove the probe from the magnet expect it to accelerate suddenly as it
reaches the lower end of the magnet bore. Also be prepared for some resistance when you
place the probe into the magnet.

Procedure for Changing a Probe:

1. Ensure that no acquisition is running by clicking the STOP button in the upper toolbar of
the TopSpin window or entering stop in the command line.

2. Turn off any heating or cooling from the system. Use the 'edte’ command to switch off
the heater. Allow the probe to settle to room temperature. Do not shut off the system itself!

Remove the air/N, connection which is attached to the base of the probe.

After making sure that the magnet bore is not plugged, remove any sample that may be
present in the magnet by activating the LIFT button in the BSMS window.

Turn off the LIFT.
Disconnect all BNC cables from the probe base.
Disconnect the thermocouple, heater and any other gradient or PICS connection.

©® N o o

Using the attached screwdriver, loosen the two screws which secure the probe in the
magnet.

9. Lower the probe straight down and out of the magnet.
10. Insert the new probe and secure using the two screws.

11. Reconnect the coaxial cables, thermocouple, heater, cooling lines and any other
connections as appropriate.

12. Turn the heater back on.
A movie showing this procedure is available on the Bruker website.
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Basic Procedures

5 Basic Procedures

This chapter will outline basic operations which are used every time a spectrum is acquired.
The TopSpin software has an easy to use work flow-based interface which guides a user
through all the necessary steps to obtain a spectrum. All operations are software controlled
and can be selected with a mouse click on the work flow tabs (see 1. in the TopSpin Interface
figure), which opens up a row of work flow buttons (see 2. in the TopSpin Interface figure).

The readers may skip this chapter if they are already familiar with these operations.

5.1 The TopSpin Window

The picture below shows the layout of the basic TopSpin interface.

Process  Analyse  Applications ~ Manage

[0 create Dataset | ) sample + | M pock  V Tunew | Y spine | G shimv  4¥Prosolv | L=Gainw = P Runv | Morew ES&f - DB @
- — 5 P N
2R 30l tex QAQAOEE Wik P E@WIFTE LIV (11 (12
0 N ~—
W specTRUM|PROCPARS ACQUPARS TITLE PULSEPROG PEAKS INTEGRALS SAMPLE STRUCTURE PLOT FID Acau {10 )
A |[exam1d_1H 2 1 C:\BrukerTopSpiniexamdata ) >E

& C\BrukenTopSpin\examdata
=examid_1H
1-2g30- 1HC

52-2930 - 1H acetat R on,
® 1 1H Cholesterylacetat
& examid_13C He |
& exam2d_CH L -
% exam2d_HC o,
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= examad P e 9 N
: L 9)

1H Cholesterylacetat

% exam_CMCse_1
& exam_CMCse_2
& exam_CMCse_3

% exam_DNMR_Me2NCOMe
& exam_DNMR_ipr2sic

& exam_Daisy

& exam_nmrquant

& exam_verification

/";__; || structure

O ) T L 1 : &) ] 5 wem
1 |Menu bar 8 |Status display bar
2 | Workflow button bar 9 |Dataset window
3 |Tool bar 10 |Dataset window tabs
4 |Browser and search window 11 |Print, export and publish
5 | Structure window 12 | Viewing options
6 |Command line 13 | Window switcher, setup preferences and help
7 | Current dataset bar
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5.1.1 Creating a New Data Set

Regular use of a spectrometer will soon result in the accumulation of large amounts of data.
Users will want to store data in conveniently named files so that they can easily access their
data later. This is particularly important in a multi-user environment. When a set of data is
acquired, it can be stored in what is called a data set. Each data set must have a unique
descriptor (identifier) so that different data sets can be distinguished. A full descriptor for a
data set requires the use of three parameters: NAME, EXPNO, and Directory.

* On the menu bar, click Acquire | Create Dataset to open the Create New Dataset
window.

& Create New Dataset - new @

Prepare for a new experiment by creating a new data set and

initializing its NMR parameters according to the selected experiment type.
For multi-receiver experiments several datasets are created.

Please define the number of receivers in the Opfions.

Dataset
NAME Proton_exp
EXPNO 1
Directory CihData A

"] open in new window

(~) Parameters
@ Use current parameters
(7) Read parameterset Select
Set solvent DMSO -
Additional action
() Do nothing

() Execute getprosol

Keep parameters [P 1,01, PLW1 ~

Advanced
Number of datasets (receivers) 1 -
Title

Menthyl Anthranilate in DMSO
Proton

[ ok || cancei || moreinfo.. || Hep |

* You can now create your own data set. For NAME you may enter a string of up to 13
characters. For EXPNO enter "1’ or any suitable number. Select the directory path (for
example: C:\Data).
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* In the Parameter group click Read parameterset and Select to open the rpar window.
&

Source = |C:BrukenTopSpin4.0.3.a\exp\sianinmripar v

FEile Options Help

Find file names ~ |enter any string. *, 7 B C\Bruker\TopSpind. 0.3 alexp\stan\nmripariuser
C:\Bruken\TopSpin4.0.3.a\exp\stan\nmripar

Class = Any ¥ Dim=|Any ¥ Show Recommended

Type = :Any ': SubType = :Any v: SubTypeB = :Any v: Reset Filters

C13CPD C13DEPT135 C13DEPTQ135 C13UDEFT COSYGPDFPHSW

COSYGPSW HMBCETGPL3ND HMBCGP HMBCGP_15N HSQC_TOCSY

HSQC_TOCSY_ADIA HSQCEDETGPSISP HSQCEDETGPSISP_ADIA HSQCETGP_15N HSQCETGPSISP

HSQCETGPSISP_ADIA MLEVPHPR MLEVPHSW NOESYPHPR NOESYPHSW

PROTON ROESYPHPR ROESYPHSW WATERSUP

| setselected item in editor | | Close |

» Enable Show Recommended to get the list of the most common small molecule
experiments.

» Ensure that the source directory is:
<Topspin>\exp\stan\nmr\par
and not:
<Topspin>\exp\stan\nmr\par\user
» Select the experiment (e.g. Proton), and click Set selected item in editor.

* In the Create New Dataset window check Set solvent and in the drop-down list select the
solvent of your sample, e.g. DMSO.

+ Click OK.

Note: Your newly created data set is now the current data set and details of the descriptor
will be stored on the harddrive in the folder: DIRINAME\EXPNO, where each EXPNO

n corresponds to a completely independent data set. In this example, the data will be stored at
C:\Data\Proton_exp\1. This path will also appear in the title bar of the data window of

TopSpin
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5.1.2 Sample Preparation

* Use clean and dry sample tubes.

* Use medium to high quality sample tubes.

» Always filter the sample solution.

* Always use the same sample volume or solution height.
 Filling volume of a 5 mm tubes is 0.6 ml or 5 cm.
 Filling volume of a 10 mm tubes is 4 ml or 5 cm.

* Use the sample depth gauge to adjust the sample depth.

Sample Tube Type CryoProbes RT Probes Old RT Probes
Standard 5 mm sample tube with 19 mm 20 mm 18 mm
round end.

Bruker Shigemi tube. 17 mm 20 mm 18 mm

Figure 5.1: Inserting the Sample into the Spinner

1|Sample 4, Center Line
2|Spinner 5. Depth Adjustment Screw
3|Depth Gauge

* The sample tube should sit tightly inside the spinner.
* Wipe the sample tube clean before inserting into magnet.
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5.2 Inserting the Sample plus Spinner into the Magnet

The raising and lowering of the sample is controlled by a stream of pressurized air. Before
placing a sample onto the top of the bore, make sure that the air flow is present (it is quite
audible) and remove any sample which may be rising to the top of the bore.

* On the menu bar, click Acquire.
* On the Sample button, click the drop-down arrow to see more options.
* In the list, select Eject sample manually (ej). The sample lift is turned on.

n Wait until the sample lift air is turned on and remove the sample which may be in the
magnet.

» Place the sample plus the spinner on top of the magnet bore.
* On the Sample button, click the drop-down arrow to see more options.
 In the list, select Insert sample manually (ij).

5.3 Locking the Sample

Deuterated solvents are used to generate the signal to be detected and monitored by the lock
system. The frequency and strength of this signal will depend on the solvent used. The main
feature of the TopSpin lock routine is that it sets parameters such as the lock power, gain and
frequency to a value appropriate to the solvent. With these default values set close to that
which would be expected for that solvent, the BSMS can quickly locate and "lock® onto the
solvent signal by sweeping through a range of frequencies or magnetic field values. The
solvent dependent parameters are taken from the "edlock® table.

¢ On the Workflow button bar, click Lock.
* In the Solvents table list, select DMSO and click OK.

& Solvents table X
Acetic acetic acid-d4

Acetone acetone-d6

CED& benzene-dé

cbDzci2 dichlormethane-d2

CD3CN acetonitrile-d3

CD3CN_SPE LC-SPE Solvent (Acetonitrile)

CD30D_SPE LC-SPE Solvent (Methanol-d4})

CDCI3 chloroform-d

CH3CN+D20 HPLC Solvent (AcetonitrilD20)

CH30H+D20 HPLC Solvent (Methanol/D20)

D20 deuteriumoxide

D20 _salt deuteriumoxide with salt

Dioxane dioxane-d3

DMF N.N-dimethylformamide-d7

L3

EtOD ethanol-dé

H20+D20 90%H20 and 10%D20

H20+D20_salt 90%H20 and 10%D20 with salt

HDMSO 90%DMSO and 10%DMSO-d6

Juice fruit juice

MeQD methanol-d4

Plasma blood plasma

Pyr pyridine-ds

T_H20+D20+Me4NCI (CD3)4NCI in 90%H20 and 10%D20, for NMR thermometer
T_H20+D20+NaAc sodium acetate in 90%H20 and 10%D20, for NMR thermometer
T_H20+D20+Pivalate pivalate-d9 in 90% H20 and 10% D20, for NMR thermometer
T_MeOD methanol-d4, for NMR thermometer

TFE trifluroethanol-d3

THF tetrahydrofuran-ds

Tol toluene-dé

Urine uring
Lock nucleus: | 2H v OK Cancel

Figure 5.2: Solvents Table
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some associated noise or ripples (see figure below). The height of this line is called the lock

n Note: If lock has been achieved, the signal should be of the form of a horizontal line with
level.

i
s =B we )

Figure 5.3: Lock Display after Locking the Sample

54 Tuning and Matching the Probe

The sensitivity of any probe will vary with the frequency of the signal transmitted to it and
there exists a frequency at which the probe is most sensitive. Furthermore this frequency
may be adjusted over a certain range using tuning capacitors built into the probe circuitry.
Tuning involves adjusting the probe circuitry so that the frequency at which it is most
sensitive is the relevant transmission frequency (SFO1, SFO2 etc.) Each coil in the probe will
be tuned (and matched) separately. If the probe has been changed or the transmission
frequency altered significantly, it may be necessary to retune the probe. For routine work in
organic solvents with selective probes, the value of the transmitted frequencies are unlikely to
vary greatly. Hence, once the probe has been initially tuned, slight variations in frequency will
not warrant retuning. Typically the transmitted frequency would need to be altered by at least
100kHz to warrant retuning. However for broadband probes the frequencies transmitted will
vary greatly from nucleus to nucleus and so the probe will need to be tuned each time the
selected nucleus is altered. Whenever a probe is tuned it should also be matched. Matching
involves ensuring that the maximum amount of the power arriving at the probe base is
transmitted up to the coil which lies towards the top of the probe. This ensures that the
minimum amount of the power arriving at the probe base is reflected back towards the
amplifiers (and consequently wasted).

manual adjustments of the tuning and matching capacitors, the probes can be equipped with

n Note: Bruker offers two different types of tuning and matching adjustments. In addition to the
an Automatic Tuning Module (ATM). Follow the steps below for either option.

5.4.1 Probes Equipped with ATM using the Automated Tuning Routine

* On the Workflow button bar, click Tune.

The display will switch automatically to the acquisition window and display the wobble curve.
The tuning and matching is performed automatically. If multiple frequencies are used in a
parameter set such as C13CPD etc., ATMA will start adjusting the lowest frequency first and
will switch in the order of increasing frequency automatically.
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5.4.2 Probes Equipped with ATM Using the Manual Tuning Routine

* On the Tune button, click the drop-down arrow to see more options.
* In the list, select Tune/match ATM probe manually.

Note: The ATMM Probe Tuning/Matching window (figure below) and a window displaying the
wobble curve will be opened.

Bruker TopSpln 4.0.3.b.5 on av4600 as demo [-[a =]

= Acquire Process Analyse Applications Manage
A Proc. spectrum + | /Ay Adjust Phase - | VA Baseline + | /A\ Calib. Axis - | Advanced - af - e m

b wOF L ‘*B‘
@7l LAl s

i Data > | B8 é SPECTRUM PROCPARS ACQUPARS TITLE PULSEPROG PEAKS INTEGRALS SAMPLE STRUCTURE PLOT FID | ACQU X

[1Show Spectra Thumbnails AL E@E

Il 1 1 fudata/demo/nmr-za [=1

ATMM <2> B el
Information

Probe: PATXI 60053 H-C/N-D-05 Z @
Solvent: H20+D20

State: Idle @

Channel/Nucleus

D2 | OG0 G| wag ?‘7/\}_&
anl 2 T QM «+e & i

[L'el]

Channel/Nucleus selection
© 13C (13¢)

® 15N (15N) @

O 1H (1H)
Complex wobble display

Show complex wobble display @
Automatic adjustment (ATMA)

Start ATMA, probe does net support storing positions for future use @

User defined WBSW and WBST

Wobble sweep width [MHz] 1.0 @
Number of wobble steps  [1024

Tuning

Fine
e ®

Matching

Fine
siop

complex wobble display [T =] |

20

Close
T

T T T
60.4 60.6 60.8 61.0 61.2 [MHz]
I | 4+ beubi_cn3.15 201 1 /w/data/demoynmr |taking wobble data

Spectrometer Status|__Amplfier Control Acquisition information Fid Flash [__Lock | POWCHK | Spooler BSMS status message Time
une nucleus: 15N [ ] queued: 0 10:27:38
on@ -une frequency: 60.813365 ».__ J|smed o Feb 01
[Center frequency:60.8163 [ cesr 9 | Autoshim &) Locked ™) Error (%)

Figure 5.4: ATMM Probe Tuning/Matching Window

Probe type.

Solvent used.

Current state.

Channel/Nucleus selection

Check to show complex wobble display.

Click to start ATMA, whereas optimal positions are stored for future use.
User defined Wobble sweep width.

User defined number of wobble steps.

Buttons to move and display the wobble curve centered.

0. Buttons to adjust the dip of the wobble curve to the lowest position.

SO X NSO~ IN=
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* In the ATMM control window, click the Tuning buttons to move and display the wobble
curve centered.

* In the ATMM control window, click the Matching buttons to adjust the dip of the wobble
curve to the lowest position.

It is very convenient to look at the complex wobble display. If the circle with the red dot is too
big or too small, then adjust matching first. Once the circle runs through the center of the
coordinate system, bring the red dot into the center by adjusting the tuning. In essence, the
curve tells you in which order to adjust tuning and matching.

Note: The T/M settings will be saved with a click on the Start button.

Since the Tuning and Matching adjustment interact with each other, a repeat of all steps are
necessary for a perfect tune and match. If multiple frequencies are used in a parameter set

such as C13CPD, use the Nucleus Selection radio buttons in the ATMM control window to
switch to another nucleus and repeat the tuning and matching.

The wobble routine works by transmitting a weak signal to the probe and comparing the
probe and cable impedance with a 50 Ohm reference within the HPPR. The transmitted
frequency is centered on SFO1, SFO2 etc. but "swept® over a range determined by the size
of the parameter WBSW (see below). The resultant curve is the familiar response curve of a
resonance circuit and is simply a measure of the amplitude of the reflected signal (vertical
axis) against frequency (horizontal axis).

Matching involves adjusting the probe so that the minimum of the wobble curve is at the
base of the display (i.e. touching the horizontal frequency axis). This represents minimum
reflection of the transmitted signal.

Tuning involves ensuring that this occurs at the frequency of transmission which will be at
the center of the screen’s horizontal scale. It will be seen however that the tune and match
adjustments interact with each other and must be adjusted in tandem. When the wobble
curve minimum is centered and at the base of the screen the probe has been optimally tuned
and matched.
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Figure 5.5: Examples of Wobble Curves with Different Tuning and Matching

1. Bad matching and tuning. 3. Good matching, bad tuning.
2. Bad matching, good tuning. 4. Good matching and tuning.

If you want to optimize the probe for several nuclei (e.g. decoupling experiments) you can
choose the next nucleus in the ATMM Probe Tuning/Matching Window.

5.5 Spinning the Sample

A second function of pressurized air is to enable the sample to rotate. The spinning of the
sample serves to "even-out" some of the inhomogeneity that may exist in the magnetic field
at the center of the magnet.

Note: Samples to be investigated using experiments such as 2-D, 3-D, SELECTIVE,
NOEDIFF, T1 and all inverse probes are normally not rotated.

Suggested spin rates are:
» 20 Hz for a 5 mm probe
* 12 Hz for a 10 mm probe

* On the Spin button, click the drop-down arrow to see more options.
* In the list, select Turn sample rotation on (ro on).
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5.6 Shimming

Shimming is a process in which minor adjustments are made to the magnetic field until the
field homogeneity (uniformity) is optimized. Improving the homogeneity will result in better
spectral resolution. It will be necessary to re-shim each time a probe or sample is changed.
The system manager has stored appropriate shim values (in so called shim files) for each
probe that will greatly reduce the shimming time required whenever a probe is changed.

5.6.1 Routine Shimming Using TopShim

This is routine shimming and should be carried out at the beginning of every NMR session,
and whenever the sample in the magnet is changed. Routine shimming involves making fine
adjustments to the Z, 72, Z%, Z*and Z°® shims. Some higher field magnets may require higher
order Z shims. The system administrator has programed TopShim to achieve the best
homogeneity on each sample and it is fully automatically.

The core method of TopShim is gradient shimming. A quality criterion for the final line-shape
ensures best results for all situations.

TopShim is using for all deuterated solvents the ?H gradient shimming method and for other
solvents especially H,O, the 'H gradient shimming method.

¢ On the Workflow button bar, click Shim.

The shimming will start momentarily and should take less than a minute.

5.7 Setting the Probe/Solvent Dependent Parameters

Parameters, such as the 90° or the decoupler pulse length with associated power levels can
be stored for any specific nucleus on any available channel. These values have been entered
by the installation engineer or by the system administrator and are automatically loaded using
the Prosol button.

« On the Workflow button bar, click Prosol.

5.8 Adjusting the Receiver Gain

The receiver gain is a very important parameter that is used to match the amplitude of the
FID to the dynamic range of the digitizer. The gain is automatically set using the Gain button.

¢ On the Workflow button bar, click Gain.

The receiver gain adjustment will start momentarily and it should take less than a minute.

5.9 Starting the Acquisition

The process of receiving the NMR signals is called an acquisition. Data is said to be
acquired. When an acquisition is carried out, “raw” data is acquired and the received signal is
called an FID (Free Induction Decay). The digital point size of the FID is called TD, Time
Domain.

¢ On the Workflow button bar, click Run.

As a default from the selected experiment, the spectrometer performs a number of dummy-
scans before starting the actual number of scans.
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5.10 Processing the Data

A Fourier Transformation is used to convert the FID to a frequency spectrum. The number of
points used to form the resulting spectrum is determined by the parameter Sl (size). The FID
is transformed into a spectrum consisting of Sl data points in the real part and Sl data points
in the imaginary part. The normal setting for Sl is S| = TD/2. If you have loaded the parameter
set "PROTON" you can easily verify that TD = 64K and Si = 32K.

* On the menu bar, click Process.
* On the Proc Spectrum button, click the drop-down arrow to see more options.

 In the list, select Configure Standard Processing (proc1d).
= )

Press 'Execute’ to process the current dataset.
Press 'Save' to just change the processing options.
Changed options will be effective when pressing the
one-click 'Proc. Spectrum' button.

Exponential Multiply (em) LB [Hz] = 0.3

Fourier Transform (ft)

Auto - Phasing (apk)

Set Spectrum Reference (sref)

Auto - Baseline Correction (absn) Include integration = :no -
Plot (autoplot) [ LAYOUT = +HAD_Hxwp -

Warn "i proce§5ed drarla eJV(istr ] .

[ save || Execute || cancel

Figure 5.6: The proc1d Window

* |In the proc1d window, select the options:
Exponential Multiply (em)
Auto — Phasing (apk)
Set Spectrum Reference (sref)
Auto — Baseline Correction (absn)

* In the proc1d window, click Execute.
* In the proc1d window, click Save to save the selected processing settings.
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6 Preparing for Acquisition,
Frequency Related Parameters

This chapter will explain two of the most important parameters for observing a NMR
spectrum. Before assigning values to various parameters, it is important that the user
understands the concept of data sets, as groups of parameters are inextricably linked to
these.

6.1 Frequency

The frequencies of the transmitted signals on channels one, two and three etc. are given by
SFO1, SFO2 and SFO3, etc., respectively. However, these frequencies may not be set
directly (you will notice that they cannot be highlighted using the mouse).

The transmitted frequencies are controlled by setting offsets to basic frequencies BF1, BF2
and BF3 etc.

For the observe channel:

* SFO1 = BF + offset (O1)
Transmitted frequency is automatically set by the user.
Similarly, for the next two decoupling channels:

* SFO2 = BF2 + offset (02)

+ SFO3 = BF3 + offset (03)

When a specific nucleus is selected, the appropriate basic frequency is automatically set.
After reading a standard parameter set, the basic frequency will be set correctly and only the
offset values need to be adjusted.

Remember that SFOX is the most relevant parameter in that it is the frequency that is
actually transmitted to the sample. Note also that the offsets can be set to zero in which case
SFOX = BFX. A more detailed description is given in the next section.
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6.2 Numerical Explanation of Transmitted, Basic and Offset
Frequencies

Consider a 600 MHz spectrometer used to observe hydrogen. The spectrometer is
configured to have a BF1 of 600.13 MHz (a 500 MHz spectrometer normally has a BF1 of
500.13 MHz, a 400 MHz a BF1 of 400.13 etc.).

If O1 is set to zero then: SFO1 =600.13 + 0 = 600.13 MHz

Thus the spectrum center would lie at 600.13 MHz. If SWH was set to 20 kHz, the spectrum
might look like in the picture below.

————» BF1=600.13
o1=0

® ' ®
! | v

- 20kHz

< A (S
MHz r T t
600.14 600.13 600.12
BF1
SFO1

Figure 6.1: Spectrum with BF1 = 600.13 MHz, 01 = 0 Hz

|1. |Signa|sfi|tered out |2. |Frequency

It is clear from our hypothetical spectrum that the NMR signals all appear towards the high
frequency end of the spectral width. Furthermore, it is possible that some signals may appear
above 600.14 MHz and since these signals are outside the spectral window they have been
filtered out and are not observed. To check for the presence of such signals two options are
available:

« The spectral width can be increased to encompass any missing signal. This however has
disadvantages, such as the FID resolution (the lower the value of FIDRES, the better the
resolution).

» The preferred option would be to leave the spectral width unchanged, but assign a value
to O1 to shift the center of the window.

In our example, the detected signals all appear in the region of 600.138 MHz and we wish to
center the spectrum at this frequency.

=>SFO1 =600.138 = BF1 + O1
=>600.138 = 600.13 + O1
=>01=0.008 MHz = 8 kHz
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Hence if O1, the offset frequency, is set to 8 kHz, the window is shifted to look like that in the
figure below.

« 20kHz >

<@ ;
e f ) il

600.148 600.138 g‘:f:—‘ 3 600.128
SFO1

Figure 6.2: Spectrum with BF1 =600.13 MHz, 01= 8 kHz

|‘I. |Frequency | |

Finally, it is clear from the figure above that the NMR signals emitted by the protons in our
hypothetical sample occupy only part of the spectral width. Therefore the spectral width can
be reduced without any loss of relevant data. One advantage of decreasing the SW is that
the spectral resolution is improved. The disadvantage is that the time taken to acquire the
data is proportionally increased.

In Introductory Theory and Terminology [ 9], it was stated that the chemical shifts of protons
rarely exceed 14 ppm. This corresponds to 8.4 kHz on a 600 MHz spectrometer. The figure
below shows the hypothetical spectrum redrawn with the value assigned to SWH reduced
from 20 kHz to 8.4 kHz.

< 8.4kHz >

< :
MHz 0 X £ A
600.1422 600.1380 600.1338 600.12
SFO1 BF1

Figure 6.3: Spectrum with BF1 = 600.13 MHz, 01 = 8 kHz, SWH = 8.4 kHz

|1. |Frequency | |
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It should be noted that the value of SWH used in any given experiment is determined only by
the sample under analysis and the required spectral resolution. The value of 14 ppm for
hydrogen spectra will ensure that most proton signals are detected. However, for a detailed
study of a particular signal, much smaller values of SWH are used.

The figure below illustrates the general principles of how SFO1, BF1 and O1 interact (here

shown with a new sample).
(2) SFO1 = BF1 + 01

Figure 6.4: Interaction of SFO1, BF1 and O1

Setting O1 to a positive value shifts the window to higher frequencies.
SW determines the width of the window.

Frequency.
Setting O1 to a negative value shifts the window to lower frequencies.

SFO1 is the center of the spectrum.

A Rl
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7 The NMR Sample

When a solid is investigated using the NMR technique, signals tend to be broad and the fine
structure, which is of most interest to scientists, cannot be resolved. Consequently, solid
samples are usually dissolved in a suitable solvent prior to acquisition. The same goes for
liquid samples. In organic solvents, small amounts of a reference compound may be added.
However, to achieve best results the sample should be as pure as possible. Signals from
impurities will at best make the spectrum unnecessarily complicated and worst case mask
genuine signals. Care should be taken to ensure that the sample is free of magnetic
impurities as these can distort the magnetic field and hence degrade the spectrum
resolution. Solid impurities can be most easily removed by filtering. For samples in organic
solvents, dissolved water can be removed as far as possible by thoroughly drying the
sample prior to dissolution.

71 Solvent Selection

Once the sample has been sufficiently purified and dried, the next step is to choose a suitable
solvent. Since deuterium is by far the most popular lock nucleus the sample is usually
dissolved in a deuterated solvent (a deuterated solvent is one in which a large proportion,
typically more than 99%, of the hydrogen atoms have been replaced by deuterium).
Commonly used deuterated solvents are benzene-d6, acetone-d6, and chloroform-d,
though many other solvents are available. Factors to be considered when choosing a solvent
are:

1. Solubility: Clearly the more soluble the sample is in the solvent the better. This
maximizes the amount of sample within the sensitive volume which increases the
sensitivity of the experiment. High solubility is particularly important if only small quantities
of the sample are available.

2. Interference of solvent signals with the sample spectrum: The solvent itself will
inevitably produce NMR signals which will obscure regions of the spectrum. These
‘residual solvent peaks’ should not overlap with signals from the sample.

3. Temperature dependence: For experiments above or below room temperature the
solvent's melting and boiling points are also important factors. Furthermore the solubility of
the sample is likely to vary with temperature.

4. Viscosity: The lower the solvent viscosity, the better the resolution of the experiment.

5. Cost: Clearly for routine NMR where many samples need to be measured, the solvents
cost is an important consideration. As a rule of thumb, the price increases with the number
of deuterated atoms.

6. Water content: Almost all NMR solvents contain water traces. Also, many are
hygroscopic (they absorb water from the atmosphere) and hence the longer they are
stored the more water they contain. The presence of a water (HDO) peak will only serve to
degrade the quality of NMR spectra. The water level in the solvent can be greatly reduced
by filtration through a drying agent or by storing the solvent by adding molecular sieves.

The choice of solvent for a sample will be the best compromise between the various
advantages and disadvantages of each. Search the web for precise details of specific
solvents.
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7.2

Sample Tube

When the sample is being analyzed it may be rotated, depending on the type of probe or
experiment. Spinning the sample has the effect of cancelling out field inhomogeneities in the
X and Y direction and consequently improves the spectral resolution. A disadvantage of
spinning is that it may lead to the presence of spinning sidebands. These are spurious
signals (i.e. peaks) that result from the modulation of the magnetic field at the spinning
frequency. The peaks always appear on either side of any large genuine peak at a separation
equal to the spinning rate. The intensity of these sidebands will be proportional to the
intensity of the genuine peak. Thus if the spin rate is 20 revolutions/second (= 20 Hz), you
would look for spinning side bands at frequencies 20 Hz above and below the resonance
frequencies of genuine signals.

5 oF5n

N\
I 2

/

- . ————————
100 50 0 -50 Hz
U
A
5
T I I T 1 1
100 S0 0 -50 -100 Hz
Figure 7.1: Spectrum Showing Spinning Sidebands
1. |13C Sateliites 2. |Spinning Sidebands

While the presence of spinning sidebands may be inevitable, their size often depends on the
sample tube quality. Ideally, the sample tube should have perfect cylindrical symmetry.
Unusually large sidebands might suggest that the tube symmetry is inadequate and might
warrant using tubes with higher specifications (and of course greater cost).

Sample tubes must always be kept clean and free from dust and scratches. Do not scrub the
tubes with test tube brushes. Be aware that new NMR tubes cannot be assumed to be clean.
The tubes may be cleaned by washing in Acetone or distilled water. Liquid detergent may be
used as long as it is rinsed out within a few minutes to prevent etching of the tube. The tubes
may also be cleaned ultrasonically in an appropriate solution. If all the above measures fail,
the tubes should be soaked in AQUA REGIA for up to two days and then rinsed thoroughly
before being dried. NMR tubes can be oven dried but should not be heated above 100°C as
they can become distorted and subsequently fail to spin as required. Drying is best achieved
by passing filtered nitrogen through the tube.

52
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7.3 Sample Handling

It is good practice to filter NMR solutions directly into the sample tube to keep the solution
free from dust and other contamination.

n Note: The sample tube should always be held by the top!

A typical procedure to prepare a sample might be as follows:

1. For a solid sample using a 5 mm tube dissolve up to 20 mg of the sample in about 0.6 cm?
of the selected solvent (for 10 mm tubes dissolve 80 mg in 2.5 cm?®). Typically for a liquid
sample, and when observing protons, dissolve 20% sample in 80% deuterated solvent.

2. Add a small amount (~0.1%) of reference compound Tetramethylsilane (TMS). Make sure
the TMS signal is smaller than the most intense sample or solvent signal (otherwise the
signal-to-noise ratio is wasted because of low receiver gain).

3. Filter the solution into the sample tube through a Pasteur pipette containing a small plug
of Kimwipe.

4. Filter 0.2 cm?® of solvent through the filter into the tube. The resulting solution should have
a depth of three to four centimeters.

5. Close the tube with a cap, seal the top with parafilm to reduce evaporation and label the
tube near the top. Be careful to ensure that the cap, parafilm and label are concentric or
otherwise they will adversely affect sample spinning.

Note: Some problems may occur when using glass fiber for filtering the sample, especially
when you want to measure T,.
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8 Proton Spectrum

This chapter describes the acquisition and processing of a one-dimensional 1H NMR
spectrum using the standard Bruker parameter set PROTON. The pulse sequence zg30 (see
figure below) consists of the recycling delay, the radio-frequency (RF) pulse, and the
acquisition time during which the signal is recorded. The pulse angle is shown to be 30°. The
two parameters, d1 and p1, correspond to the length of the recycle delay and the length of
the 90° RF pulse, respectively.

zg30

I th l!“ﬁ”! |

The time intervals depicted in the pulse sequence diagrams are not drawn to scale. For
example, d1 is typically a few seconds while p1 is typically a few microseconds in length.

The sample to be used is 30 mg of Menthyl Antranilate in DMSO-d6.
CH;

Eras

8.1 Experiment Setup

Create a new dataset

* On the menu bar, click Acquire | Create Dataset to open the Create New Dataset
window.
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& Create New Dataset - new @

Prepare for a new experiment by creating a new data set and

initializing its NMR parameters according fo the selected experiment type.
For multi-receiver experiments several datasets are created.

Please define the number of receivers in the Options.

Dataset
NAME Proton_exp
EXPNO 1
Directory C:\Data -

["] open in new window

(~) Parameters
© Use current parameters
() Read parameterset Select
Set solvent DMSO -
Additional action
() Do nothing

(©) Execute getprosol

Keep parameters |P 1,01, PLW1 ¥

Advanced
Number of datasets (receivers) 1 -
Title

Menthyl Anthranilate in DMSO
Proton

[ ok |[ cancel || morelnro.. || Help |

* In the Create New Dataset window, enter or select:
NAME = Proton_exp
EXPNO =1
Directory = e.g. C:\Data

Directory, NAME and EXPNO define where the new experiment dataset will be stored on
the computer:

n Directory/NAME/EXPNO/ In the example: C:\Data\proton_exp\1

Directory can be selected in the drop-down list, or a new location can be typed in the text
field. NAME is a subdirectory of Directory, and EXPNO is a subdirectory of NAME. EXPNO
must be a positive integer. It provides a way to store multiple related datasets under the
same NAME.

(~)
+ In the Parameters group "~ Parameters

the rpar window.

click Read parameterset and Select to open
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o
FEile Options Help Source = C.\Bruker\TopSpin4.0.3.a\exp\stan\nmr\par A4
Exclude: Ciear | [c-\BrukenTopSpin4 0 3 a\exp\stan\nmnpariuser

Find file names ~ |enter

C:\BrukenTopspin4. 0.3 alexp\stan\nmripar

Class = Any. = Any v [v]show Recommended

Type = Any ~| subType=|any v| subTypes =[any ~| [ ResetFiters

c13cPD !CTSDEPTHS lc13DEPTQ135 (C13UDEFT. [COSYGPDFPHSW.
COSYGPSW HMBCETGPLAND HVBCGP HMBCGP_15N HsQc_Tocsy

HSQC_TOCSY_ADIA |HsQcEDETGPSISP HSQCEDETGPSISP_ADIA __|HSQCETGP_15N HSQCETGPSISP

HSQCETGPSISP_ADIA MLEVPHPR MLEVPHSW. NOESYPHPR NOESYPHSW.
PROTON ROESYPHPR ROESYPHSW WATERSUP

Set selected item in editor | | Close

» Enable Show Recommended to get the list of the most common small molecule
experiments.

» Ensure that the source directory is
<Topspin>\exp\stan\nmr\par
and not
<Topspin>\exp\stan\nmr\par\user

* In the table select PROTON as experiment and click Set selected item in editor.

* In the Create New Dataset window check Set solvent and in the drop-down list select
DMSO.

* In the TITLE field enter a text stating the experiment, sample, the solvent and any other
useful information. The title information can be used to search for a dataset.

* In the New Dataset window, click OK.
* On the menu bar, click Acquire.

To acquire a spectrum, use the Workflow buttons in the Workflow button bar from left to right
(see steps below). Alternatively, commands which are displayed in brackets of the various
popup windows, can also be typed at the TopSpin command prompt (e.g. €j, ij, edte etc.).

* On the Sample button, click the drop-down arrow to see more options.
* In the list, select Eject sample manually (ej).

n Wait until the sample lift air is turned on and remove the sample which may be in the
magnet.

Load the sample
» Place the sample with the spinner onto the top of the magnet.
* On the Sample button, click the drop-down arrow to see more options.
 In the list, select Insert sample manually (ij).

Wait until the sample is lowered down into the probe and the lift air is turned off. A clicking
sound may be heard.
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Lock the solvent
« On the Workflow button bar, click Lock.

* In the Solvents table window, select the solvent, e.g. DMSO. Click OK.

& Solventstable

4 Solvent Description

Acetic acetic acid-d4

Acetone acetone-dg

CeD6 henzene-d6

cD2ci2 dichlormethane-dz2

CD3cCN acetonitrile-d3

CD3CN_SPE LC-SPE Solvent (Acetonilrile)

CD30D_SPE LC-SPE Solvent (Methanol-d4)

CDCI3 chloroform-d

CH3CN+D20 HPLC Solvent (AcetonitriyD20)

CH30OH+D20 HPLC Solvent (Methanol/D20Q)

D20 deuteriumoxide

D20_salt deuteriumoxide with salt

Dioxane dioxane-d8

DMF N.N-dimethylformamide-d7

L3

EtOD ethanol-dé

H20+D20 90%H20 and 10%D20

H20+D20_salt ‘90%H20 and 10%D20 with salt

HDMSO 90%DMSO and 10%DMSO-d6

Juice Truit juice

MeOD methanol-d4

Plasma blood plasma

Pyr pyridine-d5

T_H20+D20+Me4NCI (CD3)4NCI in 90%H20 and 10%D20, for NMR thermometer
T_H20+D20+NaAc sodium acetate in 90%H20 and 10%D20, for NMR thermometer
T_H20+D20+Pivalate pivalate-d9 in 90% H20 and 10% D20, Tor NMR thermometer
T_MeQD methanol-dd, for NMR thermometer

TFE trifluroethanol-d3

THF tetrahydrofuran-dg

Tol toluene-dg

Urine urine
Lock nucleus: |2H OK Cancel

Tune and match the probe
» On the Workflow button bar, click Tune.

This performs an atma (automatic tuning and matching) and requires a probe equipped
with an automatic tuning module. For more options, click the drop-down arrow on the Tune
button.

Spin the sample (optional)
* On the Spin button, click the drop-down arrow to see more options.
* In the list, select Turn sample rotation on (ro on).

n Rotation may be turned OFF for probes such as BBI, TXI, TBI and for small sample probes.
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Shim the sample
« On the Workflow button bar, click Shim.

This executes the command topshim. The shimming starts momentarily and should take less
then a minute. On the Shim button, click the drop-down arrow to see more options.

Load the prosol parameters

« On the Workflow button bar, click Prosol.

This will load the pulse widths and power levels into the parameter set.

8.2 Acquisition

Set the receiver gain
* On the Workflow button bar, click Gain.
or

* On the Gain button, click the drop-down arrow to adjust the receiver gain manually.

Start the data acquisition

¢ On the Workflow button bar, click Run.
or
* On the Run button, click the drop-down arrow to see more options.

8.3 Processing

* When the acquisition has finished, click Process on the menu bar.
* On the Proc Spectrum button, click the drop-down arrow to see more options.
* In the list, select Configure Standard Processing (proc1d).
 In the proc1d window, enable the following options:
— Exponential Multiply (em)
— Auto - Phasing (apk)
— Auto - Baseline Correction (absn)

& procld X

Press 'Execute' to process the current dataset
Press 'Save' to just change the processing options.
Changed options will be effective when pressing the
one-click 'Proc. Spectrum' button.

Exponential Multiply (em) LB [Hz] = 03

Fourier Transform (ft}

&3]

Auto - Phasing (apk)
Set Spectrum Reference (sref)

& O

Auto - Baseline Correction (absn) Include integration = | no ~

O

Plot (autoplot) LAYOUT = +1D_Hxwp ~

]

Warn if processed data exist

Execute Cancel
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» If TMS is added to the sample for referencing, enable Set Spectrum Reference (sref).

 In the proc1d window, click Execute and then click Save to save the selected processing
settings.

Now all future datasets can be processed with the defined actions with a click on Proc
Spectrum.

SPECTRUM [PROCPARS ACQUPARS TITLE PULSEPROG PEAKS INTEGRALS SAMPLE STRUCTURE PLOT FID ACQU

Example_MenthylAnthranilate 1 1 C:Data

Menihy! Anthranilate in DIMSO
FPROTON

[ppm]
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8.4 Integration

To quantitatively analyze an observed proton signal, the integrated intensity of the peaks is
compared within each other. It is common to integrate a proton spectrum to account for the

number of protons in the analyzed molecule.
To get more precise quantitative integration results, please refer to the Quantitative NMR
manual.

» Expand the spectrum to include all peaks.

SPECTRUM [PROCPARS ACQUPARS TITLE PULSEPROG PEAKS INTEGRALS SAMPLE STRUCTURE PLOT FID ACQU

Example_MenthylAnthranilate 1 1 C:\Data

Menthl Anthranilate in DMSO
PROTON

6 4 2 [ppm]

* On the menu, click Analyse | Integrate.
This enters the manual Integration mode. The Dataset tabs bar is replaced by the
Integration Tool bar.

T[S
» Select the Define new region using cursor button. - = ‘|-|_r(_']

» Set the cursor line to the left of the first peak to be integrated. Click the left mouse button
and drag the cursor line to the right of the peak and then release the mouse button.
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TS FOlhs#|as vx/2r % =]t 4K J] i
E: ple_MenthylAnthranilate 1 1 C:Data

Menthy! Anthranilate in DMSO

PROTION

Monse Sensitiwvity: 1.0

7.606 ppm S 3041.557 Hz

Sum = 0.0000

DEFINE REGION MODE

Define; Drag using left mouse button
Return: Left-click highlighted icon

5 4 2 [Ppm]

* Repeat the last step for all peaks of interest.
TED L A #las i k223 %X=[¢F $XlE ]

Example_MenthylAnthranilate 1 1 C:\Data

Menthy! Anthraniiate In DMS0
PROTON

Mouse Sensitiwvity: 1.0

0.008 ppn / 3.145 Hz

Sum = Z5.497Z

DEFINE FEGION MODE

Define: Drag using left mouse button
Return: Left-click highlighted icon

1.0000
1.0079
L
1.0459
1.9612

4 1.0488
L
2.0512

1 2.0605
2.0808
7.1332

L
0.9901
L
2.0402
L=
[ ———
3.0765
L

o
Y
(e

[ppm]
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» On the Integration Tool bar, click Return, save region to save the integration regions.

GIM]

8.5 Plotting the 1D Proton Spectra

» Expand the spectrum to include all peaks.

* On the toolbar, click Retain expansion and scale.

O OB A

The spectrum can be printed as it is displayed in the SPECTRUM tab with a click on Print

=l
active window =l

The spectrum can also be printed with a predefined layout with a click on Export active data

0
or plot window as PDF .

Additional options are available with the Show more Publish Options button on the menu

bar and Switch to plot editor

B ERIL
PRBE

You may also switch to the interactive

plot editor by clicking on the Plot tab in the Dataset window tabs bar (see figure below).

For details of working with the plot editor and modifying layouts see the Data Publishing

7
manual in the help menu . Click Help | Manuals | Automation and Data Publishing |

Data Publishing.
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SPECTRUM PROCPARS ACQUPARS TITLE PULSEPROG PEAKS INTEGRALS SAMPLE STRUCTURE |PLOT|FID AcCQU

o . _
+1D_H.xwp

Print: -

nenthyl anthranilats in Duso
Defauit Printer PROTON

Paper: A4

View:

Limts: < R @

T Eupand

Display:
ey @B A, [

Click here to insert new elements: i ks
Standard NUR

(@ . jL,UL = =
i [ l | S

T T T T T T T T T T T T T T
75 70 65 60 55 50 45 40 35 30 25 20 15 10

el Bl e ezl

8.6 Optimizing the Sweep Width

2]

o @
1 £
G

BN’—’.B
il fs

o
<

Optimizing the sweep width will achieve a better resolution and separation of the peaks in the
Proton spectrum.

TG
@‘e‘ﬁ

» Enter the following F1 [ppm] values:

* On the toolbar, click Exact Zoom.

From =4.6
To=3.6
r@. exactzoom . ) ) ﬁ;‘

Please enter the exact coordinates
of the desired expansion.

F1 [ppm]
From 46
To 3.6

| oKk || cancel

¢ In the exactzoom window, click OK.
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4 Acquisition finished: C:/pz/data/experiment/1 /pdata/1 =R
J Spectrum | ProcPars | AcquPars |T'rlle | PulseProg | Peaksl IntegralslSampIel Struclurel Ploll Fid | Acqu|

On the toolbar, click Set sw to current region and SFO1 to center of region.

» wOTF !
LA

* In the New setting of SW window, click Close.

» On the Workflow button bar, click Run.

* On the menu bar, click Process.

* On the Workflow button bar, click Proc Spectrum.

n Note: This executes the saved processing parameters of the proc1d window.
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9 C Spectrum with Proton
Decoupling

This chapter describes the acquisition and processing of a one-dimensional *C NMR
spectrum. The standard Bruker parameter set C13CPD includes the pulse sequence zgpg30
shown in the figure below. The "*C channel consists of the recycling delay, a RF pulse, and
the acquisition time during which the signal is recorded. The pulse angle is shown to be 30°.
The two parameters, d1 and p1, correspond to the length of the recycle delay, and the length
of the 90° RF pulse, respectively. The 'H channel consists of two decoupling pulses which
can be power gated. The first pulse, an NOE build-up pulse during the recycle delay, may be
of lower power than the second pulse during the acquisition which is the true decoupling
pulse. This can be useful to avoid RF heating on salty samples or probes where a higher
decoupling power can be problematic.

20pg30

S e

8 CFD |
pli3-pli2

The time intervals depicted in the pulse sequence diagrams are not drawn to scale. For
example, d1 is typically a few seconds, while p1 is typically a few microseconds in length.

The sample to be used is 30 mg of Menthyl Antranilate in DMSO-d6.

CH-

S
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9.1 Experiment Setup

* On the menu bar, click Acquire | Create Dataset to open the Create New Dataset
window.

* In the New Dataset window, enter or select:
NAME = carbon_exp
EXPNO =1
Directory = e.g. C:\Data

* In the Parameters group o FEEILEEE click Read parameterset and select the

experiment C13CPD

* In the Create New Dataset window check Set solvent and in the drop-down list select
DMSO.

& Create New Dataset - new ﬂ

Prepare for a new experiment by creating a new data set and

initializing its NMR parameters according to the selected experiment type.
For multi-receiver experiments several datasets are created.

Please define the number of receivers in the Options.

Dataset

NAME carbon_exp
EXPNO 1
Directory C\Data -

Open in new window

(~) Parameters

© Use current parameters

@ Read parameterset C13CPD Select
Set solvent DMSO -

Additional action

© Do nothing

©) Execute getprosol

© Keep parameters |P 1,01, PLW1 ~

(~) Advanced

Number of datasets (receivers) 1 ~
Title

Menthyl Anthranilate in DMSO
C13CPD

[ ok || cancel || moremnfo.. || Hep |

» In the TITLE field enter a text stating the experiment, sample, the solvent and any other
useful information. The title information can be used to search for a dataset.

* In the New Dataset window, click OK.
* In the Dataset window, select the AcquPars tab.
* Make the following change:
NS =128
* On the menu bar, click Acquire.

n To aquire a spectrum, use the Workflow buttons from left to right.

* On the Sample button, click the drop-down arrow to see more options.
* In the list, select Eject sample manually (ej). The sample lift is turned on.
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Wait until the sample lift air is turned on and remove any sample which may have been in the

magnet.

» Place the sample plus the spinner on top of the magnet bore.
* On the Sample button, click the drop-down arrow to see more options.

* In the list, select Insert sample manually (ij).

Wait until the sample is lowered down into the probe and the lift air is turned off. A clicking
sound may be heard.

* On the Workflow button bar, click Lock.
* In the Solvents table list, select DMSO and click OK.

& Solvents table

x

& Solvent Description

Acetic
Acetone
CeD&
CD2CI2
CD3CN
CD3CN_SPE
CD30D_SPE
CDCI3
CH3CN+D20
CH30H+D20
D20

D20 _salt
Dioxane
DMF

EtOD

H20+D20
H20+D20_salt
HDMSO

Juice

MeQD

Plasma

Pyr
T_H20+D20+Me4NCI
T_H20+D20+NaAc
T_H20+D20+Pivalaie
T_MeOD

TFE

THF

Tol

Urine

acetic acid-d4

acetone-d6

benzene-ds
dichlormethane-d2
acetonitrile-d3

LC-SPE Solvent (Acetonitrile)
LC-SPE Solvent (Methanol-d4})
chloroform-d

HPLC Solvent (Acetoniiri/D20)
HPLC Solvent (Methanol’/D20)
deuteriumoxide
deuteriumoxide with salt
dioxane-d3

N N-dimethylformamide-d7

ethanol-dé

90%H20 and 10%D20

90%H20 and 10%D20 with salt

90%DMSO and 10%DMSO-d6

fruit juice

methanol-d4

blood plasma

pyridine-d3

(CD3)4NCI in 90%H20 and 10%D20, for NMR thermometer
sodium acetate in 90%H20 and 10%D20, for NMR thermometer
pivalaie-d9 in 90% H20 and 10% D20, for NMR thermometer
methanol-d4, for NMR thermometer

trifluroethanol-d3

tetrahydrofuran-dg

toluene-dg

urine

Lock nucleus: | 2H  ~

OK Cancel

¢ On the Workflow button bar, click Tune.

This performs an atma (automatic tuning and matching) and requires a probe equipped with
an automatic tuning and matching module. The tuning always starts with the lowest
frequency, in this case carbon, and then switches over to tune the higher frequencies, in this
case proton. On the Tune button, click the drop-down arrow to see more options.
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* On the Spin button, click the drop-down arrow to see more options.
* In the list, select Turn sample rotation on (ro on).

n Rotation may be turned off for probes such as BBI, TXI, TBI and for small sample probes.

¢ On the Workflow button bar, click Shim.

This executes the command topshim. On the Shim button click the drop-down arrow to see
more options.

« On the Workflow button bar, click Prosol.

This will load the pulse widths and power levels into the parameter set.

9.2 Acquisition

* On the Workflow button bar, click Gain.
or
* On the Gain button, click the drop-down arrow to adjust the receiver gain manually.
¢ On the Workflow button bar, click Run.
or
* On the Run button, click the drop-down arrow to see more options.

9.3 Processing

When the acquisition is finished:
¢ On the menu bar, click Process.
* On the Proc Spectrum button, click the drop-down arrow to see more options.
 In the list, select Configure Standard Processing (proc1d).
* |In the proc1d window, select the options:
Exponential Multiply (em)
Auto - Phasing (apk)
Set Spectrum Reference (sref)
Auto - Baseline Correction (absn)
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& procld @

Press 'Execute’ to process the current dataset.
Press 'Save' to just change the processing options.
Changed options will be effective when pressing the
one-click 'Proc. Spectrum' button.

Exponential Multiply (em) LB [Hz] = 1

Fourier Transform (ft)

Auto - Phasing (apk)
Set Spectrum Reference (sref)
Auto - Baseline Correction (absn) Include integration = no -
Blod(auTopiod) ] vavout - D e
Warn if processed data exist

[ Save ] [ Execute ] [ Cancel

* In the proc1d window, click Execute.
 In the proc1d window, click Save to save the selected processing settings.

Now all future datasets can be processed with the defined actions with a click on Proc
Spectrum.

SPECTRUM |PROCPARS ACQUPARS TITLE PULSEPROG PEAKS INTEGRALS SAMPLE STRUCTURE PLOT FID ACQU
Example_MenthylAnthranilate 2 1 C:\Data
Menttn! Anthranilate In DMS0
CH30FR0D
T T T T T T T T T T T T T T T T T T T
200 150 100 50 0 [ppm]
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94 Peak Picking

* Expand the spectrum to include all peaks.

SPECTRUM | PROCPARS ACQUPARS TITLE PULSEPROG PEAKS INTEGRALS SAMPLE STRUCTURE PLOT FID ACQU

Example_MenthylAnthranilate 2 1 C:\Data

ienifnd Anthranilate in DMS0
Ci3CPD

160 140 120 100 80 60 40 20 [ppm]

* On the menu bar, click Analyse.

* On the Workflow button bar, click Pick Peaks.
or

» On the Pick Peaks button, click the drop-down arrow to see more options.
This enters the manual peak picking mode.
The Dataset tabs are replaced by the Peak Picking toolbar.

] m, o[ d 2L BL X 26| D BoE

By default the Define new peak picking range button is enabled.

* Click left and drag the cursor line from left to the right side of the spectrum, drawing a
rectangular box.

m
—' The Modify existing peak picking range button allows raising the bottom and/or
lowering the top of the peak picking box to exclude noise or solvent.
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' PR X
D B o |h, 2B K 2| D BB JH
Example_MenthylAnthranilate 2 1 CliData
Meanifnd dnthranilate in DMS0
Ci3CP0
14.¢ ppm / 1468.4 Hz
Define new region:
Drag with left mouse button
MNunHer of peaks: 0
T T T T T T T T T T T T T T T T T T T T T T T T T T
160 140 120 100 80 60 40 20 [ppm]

» On the Peak Picking toolbar, click Return, save region to store the peak values.

D Epfial

» To display the peak picking labels, right click in the spectrum window and select Spectra
Display Preferences. In the Spectrum components enable Peak labels and Peak
annotations. Click Apply and Close.

9.5 Plotting the 1D Carbon Spectrum

» Expand the spectrum to include all peaks.

>
a8

@, Q B[}
* On the toolbar, click Retain expansion and scale. bl % E:]

* On the menu bar, click Show more Publishing Options.

S 0 |-hD B B

B EE:
PB (@

» Select Switch to plot editor (plot).
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SPECTRUM PROCPARS ACQUPARS TITLE PULSEPROG PEAKS INTEGRALS SAMPLE STRUCTURE (PLOT|FID ACQU X
Layout: -

+1D_X.xwp
Print: -

Menthyl aZnthranilates in DHEO

Default Printer £13cED . . . i

Paper: A4 ; 3 Iy 1iiiiiial:
View: o

Limits: & R

T Eupand

Display:
ey @B A, [

Click here to insert new elements:
Standard NMR

O AUE

-

170 160 150 140 130 120 110 100

[-E
EE
EE
R
g4
&
EE
E

If desired, any changes can be administered with the tools on the left side of the display.

 In the left Print section, click the drop-down arrow to see more options.
* In the list, select Print.
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10 Contact

Manufacturer
Bruker BioSpin GmbH
Silberstreifen 4
D-76287 Rheinstetten
Germany
http:.//www.bruker.com

WEEE DE43181702

NMR Hotlines
Contact our NMR service centers.

Bruker BioSpin NMR provides dedicated hotlines and service centers, so that our specialists
can respond as quickly as possible to all your service requests, applications questions,
software or technical needs.

Please select the NMR service center or hotline you wish to contact from our list available at:
https://www.bruker.com/service/information-communication/helpdesk.htm|

Phone: +49 721-5161-6155
E-mail: nmr-support@bruker.com
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Glossary

AQS

Aquisition System

BSMS

The Bruker Smart Magnet Control System
(BSMS) provides computer control of various
functions associated with the magnet,
magnetic field, and sample.

BSVT

Bruker Smart Variable Temperature System

chemical shift

The variation in precise resonance frequency.

deuterated solvent

A deuterated solvent deuterated solvent is
one in which a large percentage of the
hydrogen atoms have been replaced by
deuterium. Commonly used deuterated
solvents are acetone-d6, benzene-d6,
chloroform-d and DMSO-d6, although many
other solvents are available.

EPU
Embedded Processing Unit

GAB/3
Gradient Amplifier Board 3

GTU
Gradient and Timing Unit

HPPR

High Performance Preamplifier

pPpm
Parts Per Million
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